Tetrahymanol, a rare triterpene from the gammacerane series, previously detected only in a few scattered eukaryotic taxa, has been isolated for the first time from the phototrophic bacterium Rhohpseudomonaspalustris. This extends the significance of geochemical markers from this series, which are abundant in marine sediments and palaeohypersaline environments.
Introduction
Rhodopseudomonas palustris is capable of synthesizing triterpenoids of the hopane series, a widespread family of prokaryotic membrane constituents (Rohmer et al., 1984) . Thus diploptene (11), diplopterol (111) and aminobacteriohopanetriol (IV) (Fig. 1 ) have been reported as major triterpenoids from this bacterium (Rohmer et al., 1984; Neunlist et al., 1988; Neunlist & Rohmer, 1988; Flesch & Rohmer, 1988) . In this communication, we report now the isolation and identification from this bacterium of tetrahymanol (I), a compound biogenetically related to the hopanoids. This rare triterpene has previously been found in a few scattered eukaryotic taxa, but is widespread as molecular fossil in marine sediments and palaeohypersaline environments (ten Haven et al., 1989, and references therein).
Methods
Analytical methods and growth of Rhodopseudomonaspalustris DSM 123 were as previously described (Rohmer et a!., 1984; Neunlist et a!., 1988) . NMR spectra were recorded in CDC13 solution on a Bruker W400 spectrometer using CHC13 (S=7-260 p.p.m.) as internal Freeze-dried cells (1 5 g) were extracted with cyclohexane under reflux (5 x 500 ml, 1 h). Combined extracts were evaporated to dryness and separated by TLC using methylene chloride as solvent system (two migrations). Two bands corresponding to diplopterol (11) (RF = 0-25) and tetrahymanol (I) (RF = 0.20, 0.4 mg per g freeze-dried cells) were scraped off and studied further. Tetrahymanol was acetylated (Rohmer et al., 1984) , and its acetate purified by TLC using cyclohexane/ethyl acetate (98:2, v/v) as solvent system, in which RF = 0.25. Tetrahymanone was obtained by CtO3/pyridine oxidation in methylene chloride (Ratcliffe & Rodehorst, 1970) and separated by TLC using methylene chloride as eluent, in which RF = 0-35. 
Analytical Data

Results and Discussion
Tetrahymanol (I) isolated from R . palustris was identified by direct comparison of its analytical data (IH-NMR, 13C-NMR of the alcohol, GC and GC-MS of the alcohol, its acetate and the corresponding ketone) with those of reference compounds previously isolated from the ciliate Tetrahymena pyriformis (Bouvier et al., 1980 ; Raederstorff & Rohmer, 1988) or synthesized from tetrahymanol, and with those reported in the literature (Wittstruck & Caspi, 1977; Wilkins et al., 1987) . This compound is identical with paluol, a long-unidentified triterpene isolated from the same bacterium by LiaaenJensen (1962) and for which all ancient data have been now completed with IH (400 MHz) and 3C (100 MHz) NMR spectroscopy. This is the first report of the occurrence of a gammacerane-type triterpene in a prokaryote. Phylogenetically, tetrahymanol and hopanoids are closely related. They can be considered as primitive triterpenoids, since their biosynthesis does not require molecular oxygen and both series derive from a direct proton-induced, enzymecatalysed cyclization of squalene. All other triterpene series found in eukaryotes and bearing an oxygenated function at C-3 derive from the cyclization of (3s)-squalene oxide, and their biosynthesis requires molecular oxygen and more complex enzymic reactions, often including transpositions (Rohmer et al., 1979 ;  Ourisson et al., 1987, and references therein).
Until now tetrahymanol has been found only in ciliates of the genus Tetrahymena (and often together with small amounts of its isomer from the hopane series, diplopterol) (Mallory et al., 1963; Elliott, 1973) , in the fern Oleandra wallichii (Zander et al., 1969) and in cultures of the anaerobic rumen fungus Piromonas communis (Kemp et al., 1984) . However, the abundance and ubiquity of gammacerane and tetrahymanol in marine sediments and palaeohypersaline environments led us to postulate that tetrahymanol should be far more widespread in living organisms (ten Haven et al., 1989, and references therein). Thus the discovery of tetrahymanol in Rhodopseudomonas palustris extends the significance of the gammacerane series as molecular fossil biomarkers, and might be the first record of a long list of prokaryotes capable of synthesizing such compounds.
